One hundred and forty-nine strains of nocardiae, freshly isolated from soil samples obtained from a number of countries with either tropical or temperate climates, and from rubber pipe seals, were compared with appropriate marker cultures in a numerical phenetic study using 156 unit characters. Marker strains were chosen to represent the Nocardia asteroides complex, other Nocardia species and related taxa in an effort both to classify the new soil isolates and, possibly, clarify the structure of the heterogeneous N . asteroides complex. The data were examined using the simple matching (SSM) and pattern (DP) coefficients, and clustering was achieved using both single and average linkage algorithms. Cluster composition was not markedly affected by either of the coefficients or clustering methods. The estimated test error of 7-1 yo was rather high and could account for a few apparently anomalous results. The 16 defined clusters, containing 185 of the 197 strains studied, were divided into seven major and nine minor clusters, four of which were further subdivided into two subclusters. Marker strains allowed four clusters to be designated as N. asteroides, seven as Nocardia species and one each as Nocardia carnea, Nocardia farcinica, Nocardia autotrophica, Mycobacteriurn .farcinogenes and Rhodococcus species. Twelve strains formed single member clusters including the type strains of Nocardia aerocolonigenes, Nocardia amarae, Nocardia fukuyae, Nocardia orientalis and Nocardia otitidis-caviarum. The majority of the soil and rubber isolates were recovered in the major clusters labelled N . asteroides, N . carnea and Nocardia species and clusters of soil isolates without marker strains seem to represent new centres of variation. The study highlights the need for additional reproducible tests to help both define and determine the status of defined clusters within the N. asteroides complex which would considerably benefit both the ecological and epidemiological study of these organisms.
One hundred and forty-nine strains of nocardiae, freshly isolated from soil samples obtained from a number of countries with either tropical or temperate climates, and from rubber pipe seals, were compared with appropriate marker cultures in a numerical phenetic study using 156 unit characters. Marker strains were chosen to represent the Nocardia asteroides complex, other Nocardia species and related taxa in an effort both to classify the new soil isolates and, possibly, clarify the structure of the heterogeneous N . asteroides complex. The data were examined using the simple matching (SSM) and pattern (DP) coefficients, and clustering was achieved using both single and average linkage algorithms. Cluster composition was not markedly affected by either of the coefficients or clustering methods. The estimated test error of 7-1 yo was rather high and could account for a few apparently anomalous results. The 16 defined clusters, containing 185 of the 197 strains studied, were divided into seven major and nine minor clusters, four of which were further subdivided into two subclusters. Marker strains allowed four clusters to be designated as N. asteroides, seven as Nocardia species and one each as Nocardia carnea, Nocardia farcinica, Nocardia autotrophica, Mycobacteriurn .farcinogenes and Rhodococcus species. Twelve strains formed single member clusters including the type strains of Nocardia aerocolonigenes, Nocardia amarae, Nocardia fukuyae, Nocardia orientalis and Nocardia otitidis-caviarum. The majority of the soil and rubber isolates were recovered in the major clusters labelled N . asteroides, N . carnea and Nocardia species and clusters of soil isolates without marker strains seem to represent new centres of variation. The study highlights the need for additional reproducible tests to help both define and determine the status of defined clusters within the N. asteroides complex which would considerably benefit both the ecological and epidemiological study of these organisms.
I N T R O D U C T I O N
Nocardiae have a worldwide distribution in soil Cross et a/., 1976; Orchard et al., 1977; Orchard, 1979a) , are implicated in the biodeterioration of rubber (Hutchinson et a/., 1975) and cause nocardiosis in man and animals (Kurup et a/., 1970; Beaman et al., 1976; Orchard, 1979b) . The genus Nocardia has recently been circumscribed more clearly and now accommodates the well-established taxa Nocardia asteroides, N . brasiliensis, N. otitidis-caviarurn and the less well-studied N . amarae, N. carnea, N. salmonicida, N . transvalensis and N. vaccinii (Lechevalier & Lechevalier, 1974; Lechevalier, 1976; Gordon et a/., 1978 ; . The walls of representative nocardiae contain mycolic acids (Lechevalier, 1976; , meso-diaminopimelic acid, arabinose and galactose (wall chemotype IV sensu Lechevalier & Lechevalier, 1970) , and can
R E S U L T S
Clustering of the strains using the SSM coeficient with the UPGMA algorithm Since the classification based on the SSM/UPGMA analysis was almost identical to that derived from both the corresponding single linkage run and also the run using the pattern coefficient/UPGMA analysis, only the results of the former are presented. In the S S M / unweighted average linkage analysis, 185 of the 197 strains were recovered in 16 clusters named, where possible, after the type or authentic named strains found within them. The unnamed clusters were tentatively labelled Nocardia species (Fig. 1) . The allocation of strains to clusters is shown in Table 1 . The defined clusters are divided into seven major (6 to 46 strains) and nine minor clusters; four of the clusters were each subdivided into two subclusters ( Fig. 1 ; Table 1) .
Cluster 1, the first of the major clusters, contains two subclusters; the largest, lA, contains 35 isolates and three marker cultures including the type strains of N. asteroides (N317) and N. salmonicida (N537). Strain N317 is the sole marker of Goodfellow's (1971) N. asteroides subgroup lD, whereas the third reference strain, N. asteroides N216, is but one of two representatives of the corresponding N . asteroides subgroup 1 B. Subcluster 1A is clearly distinct from subcluster 1B (Fig. 1) and contains isolates from soils of seven countries with temperate or tropical climates and also nine of the 13 Nocurdia strains isolated from rubber rings derived from a number of regions in England ( Table 1) . Two of the remaining strains from rubber are in subcluster 1B together with three soil isolates from Ireland.
Three major clusters (2, 8 and 13) and two minor clusters (12 and 14) are composed solely of isolates from soil. Cluster 2 accommodates 23 isolates all but one of which fall into two subclusters. Subcluster 2A is composed mainly of isolates from soil collected in Mexico (1 1/13), whereas the second subcluster contains two strains from temperate regions and seven from tropical regions. All but two of the 16 isolates in cluster 8 were also recovered in two subclusters; 8A includes strains isolated from samples obtained from Ethiopia, Thailand, Ghana and Venezuela, whereas the four strains in subcluster 8B were all isolated from Ethiopian soil. Similarly, all eight strains in cluster 13 are from Ethiopian soil.
Cluster 7 is the largest phenon and contains 46 strains; 44 are soil isolates, all but one from tropical soil, and the remaining two are duplicates of the type strain of N . carned (N675, N676).
Two major (9 and ll), and three minor (10, 15 and 16) clusters contain only marker strains and no soil isolates (Table 1) . Cluster 9 is heterogeneous and contains six strains including one of the duplicate cultures of the type strain of N. transvalensis (N679), which is only marginally included in the group. Other strains in this cluster are N. asteroides N668 and N669, representatives of Tsukamura's (1969) 915, 916, 918, 919, 923, 929, 930, 941, 961 At9, 15, 816, 853, 859, 874, 888, 898 and B (N360), and strain N692, one of the three markers of N. asteroides subgroup A (Schaal & Reutersberg, 1978) .
The final major group, cluster 1 1, comprises 15 marker strains of which two (N67 1, N700) are duplicates of N. farcinica ATCC 3318. All eight representatives of Ridell's (1975) N . farcinica serological group B are in cluster 11 together with the two representatives of N. asteroides subgroup B (Schaal & Reutersberg, 1978) . Nocardia asteroides N670 and N672 form a DNA homology group with N. farcinica N671 (Bradley, 1973; Bradley & Mordarski, 1976) . The remaining strains in cluster 11 are Mycobacterium farcinogenes var. senegalense N696 and N . asteroides N233, the second representative of Goodfellow's (1971) N . usteroides subgroup 1B.
Five of the nine minor clusters contain either marker cultures (10, 15 and 16) or soil isolates (12 and 14) only (Table 1) . Cluster 10 contains M . farcinogenes var. senegalense N697 and N698, which belong to Ridell's (1975) N. farcinica serological group A, N . farcinica N34, a duplicate of strain N698, and N. asteroides N693 (Table 1) . Clusters 15 and 16 are clearly separated from one another and from all of the defined clusters (Fig. 1) . The former contains two strains of N . autotrophita (Nl and N39) and the latter contains strains received as N . asteroides (N694 and N695) but subsequently transferred to the genus Rhodococcus(Schaa1 & Reutersberg, 1978) . Clusters 12 and 14 contain three and two isolates, respectively, all from tropical soils.
The four remaining minor clusters (3, 4, 5 and 6) contain both marker cultures and isolates. Thus, cluster 3 includes the type strain of N . vaccinii (N682), the remaining duplicate of N . transvalensis (N680) and strain 743 from a Venezuelan soil. Cluster 4 is markedly heterogeneous and falls into two distinct subclusters. Subcluster 4B contains the two marker strains of N . brasiliensis and subcluster 4A contains an isolate from a Ugandan soil (R157) and N . asteroides N105, a representative of Goodfellow's (1971) N. asteroides subgroup 1A. The four strains comprising cluster 5 include two isolates from Ethiopian soil (6. , 6 . . ) and two of the four strains (N688 and N689) representing N. asteroides subgroup A (Schaal& Reutersberg, 1978) . Cluster 6 includes two isolates from tropical soil (861 and 955) and also N. asteroides N13, the final representative of N . asteroides subgroup 1A (Goodfellow, 1971) .
The 12 strains that form single member clusters include the type strains of N . aerocolonigenes (N673), N . amarae (N667), N . orientalis (N677), N . otitidis-caviarum (N36) and representatives of N . fukuyae (N614) and N. asteroides subgroup A (Schaal & Reutersberg, 1978 ; N69 1) and also four isolates from temperate and tropical soils and two strains isolated from rubber rings. 
Characterization of strains
The 19 characters common to all strains were excluded from the data matrix as they had no discriminating value. Thus, all of the organisms are Gram-positive, non-motile, catalasepositive, oxidase-negative and do not produce colonies with a flat elevation. They degrade Tween 40 but not cellulose, elastin, guanine or xylan, grow on sodium butyrate and sodium propionate but not on dulcitol, sodium hippurate, sodium lactate or sodium tartrate as sole carbon sources and are not inhibited by bismuth citrate (0.0001 yo, w/v), phenol (0.01 yo, w/v) and sodium azide (0.001 yo, w/v). The distribution of the remaining characters to the defined taxa is shown in Tables 2 and 3 .
Major clusters (Table 2) Cluster 1 (Nocardia asteroides). Typical strains produce a pink to orange stroma carrying sparse to moderate aerial hyphae and form brown exopigments. They reduce nitrate, degrade aesculin, split allantoin and urea, grow at 10 "C and are sensitive to gentamicin, minocycline, penicillin and tobramycin. In contrast to subcluster 1A strains, most strains in subcluster 1B use amyl alcohol, 2-octanol, sodium mucate and vanillic acid as sole carbon sources and benzamide as a sole source of carbon and nitrogen.
Cluster 2 (Nocardia species). Most of these strains form a cream to brown stroma with sparse to moderate aerial hyphae, reduce nitrate, split allantoin and urea, grow at 10 "C, use proline as a sole carbon source and are sensitive to gentamicin and tobramycin. In addition, strains in subcluster 2B degrade aesculin, grow in the presence of sodium chloride (5 %, w/v) and use D-glucosamine, mannitol and lY3-butanediol as sole sources of carbon for energy and growth.
Cluster 7 (Nocardia carnea). The strains in this taxon produce a brown to orange mycelium moderately covered with white aerial hyphae. Typically, they degrade aesculin, reduce nitrate, are sensitive to kanamycin, neomycin, penicillin and tobramycin and use sodium malate, sodium octanoate, 3-hydroxybenzoic acid and 2,5-dihydroxybenzoic acid as sole sources of carbon for energy and growth. Allantoin and urea are usually not split.
Cluster 8 (Nocardia species). These isolates exhibit a brown to orange mycelium moderately covered with white aerial hyphae. Most strains reduce nitrate, degrade hippurate , grow at 40 "C and use 1-butanol and sodium malate as sole carbon sources. Subcluster 8A strains also grow at 10 "C, are sensitive to erythromycin and use fructose, glycerol, maltose and adipic acid as sole carbon sources whereas those in subcluster 8B use sebacic acid and degrade aesculin. Cluster 9 (Nocardia asteroides). These strains produce a pale orange to pink mycelium covered with a moderate amount of aerial hyphae. In addition, they reduce nitrate, split urea, grow at 40 "C and use glycerol, adipic acid, amyl alcohol, 1-butanol, ethanol, 3-hydroxybenzoic acid, 1-propanol and sodium mucate as sole sources of carbon for energy and growth.
Cluster 11 (Nocardia farcinica). Typical strains form a cream to brown mycelium powdered with sparse aerial mycelium. They reduce nitrate, split urea, degrade aesculin, do not grow at 10 "C, are resistant to most of the antibiotics tested (Table 2 ) and use glycerol, rhamnose, amyl alcohol, 1-butanol, 2,3-butanediol, ethanol, 2-octanol, 1-propanol, 1,2-propanediol, sodium malate and sodium succinate as sole carbon sources.
Cluster 13 (Nocardia species). These isolates form a pale to bright orange mycelium which occasionally exhibits sparse aerial hyphae. Strains reduce nitrate, split urea, degrade Filter paper discs were soaked in antimicrobial agent at the concentrations ( p g ml-l) indicated in parentheses; penicillin discs were from Oxoid.
All strains were Gram-positive; non-motile; produced a partially acid-fast mycelium which fragmented and convex colonies; formed catalase; degraded Tween 20, Tween 40 and testosterone; grew on sodium butyrate, fumarate and propionate (0.1 %, w/v) as sole carbon sources, and in the presence of bismuth citrate (0401 and 0.0001 %, w/v), crystal violet (0.00001 %, w/v), phenol (0.01 76, w/v), sodium azide (0.001 %, w/v), sodium chloride (3 %, w/v) and lysozyme. None formed grey/white, irregular or flat colonies with entire margins; degraded adenine, casein, cellulose, chitin, DNA, elastin, guanine, hypoxanthine, nitrate, tyrosine, xanthine or xylan ; grew on amygdalin, D-arabinose, dulcitol, inulin, meso-inositol, sorbitol, 2-.propanol, quinic acid, 1,4-butanediol (1 %, w/v), sodium acetate, benzoate, hippurate, lactate, malonate or tartrate (0.1 %, w/v) as sole carbon sources or on trimethylenediarnine as sole carbon and nitrogen source; grew in the presence of sodium chloride (10 %, w/v) or produced oxidase. More than 80 % of the strains in each taxon did not degrade gelatin, and did not grow in the presence of methyl violet (0.02 %, w/v) or on adonitol, erythritol, melibiose or a-methyl D-glucoside (1 %, w/v) as sole carbon sources. Gelatin  0  1  2  2  0  0  0  0  2  0  Hippurate  1  2  2  1  1  4  2  1  0  0  Hypoxanthine  1  0  1  0  0  0  0  0  2  0  RNA  1  1  2  1  3  1  0  2  0  0  Testosterone  2  2  2  4  3  3  3  2  2  1  Tween 20  3  2  1  4  3  4  2  2  2  0  Tween 60  2  2  0  4  2  4  3  2  2  2  Tween 7 Filter paper discs were soaked in antimicrobial agent at the concentrations (pg ml-l) indicated in parentheses; penicillin discs were from Oxoid. All strains were Gram-positive; non-motile; produced a partially acid-fast mycelium which fragmented and convex colonies; formed catalase; degraded Tween 40; grew on glucose, glycerol (1 %, w/v), sodium acetate, butyrate, fumarate and propionate ( (Table 2) and most use ethanol, maltose, melezitose, sucrose, 3-hydroxybenzoic acid, 2,5-dihydroxybenzoic acid and sodium octanoate as sole sources of carbon for energy and growth.
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Minor clusters (Table 3) Little weight can be attached to the distribution of characters to clusters containing between two and four strains. However, there is evidence that the strains in clusters 5 (Nocardia asteroides), 10 (Mycobacterium farcinogenes) and 15 (Nocardia autotrophica) represent distinct taxa and they are considered further. The characters exhibited by the Nocardia brasiliensis (subcluster 4B) and Rhodococcus strains (cluster 16) are much as one would expect from previous investigations (see Goodfellow & Schaal, 1979) .
Two of the four strains in cluster 5 were representatives of N. asteroides subgroup A (Schaal & Reutersberg, 1978) . The strains in this taxon produce a brown to orange stroma covered by dense white aerial hyphae. They reduce nitrate, degrade aesculin, grow at 40 "C, are sensitive to gentamicin and tobramycin and use 1 -butanol, 1,3-butanediol, sodium malate and sodium mucate as sole carbon sources and acetamide as the only source of carbon and nitrogen for energy and growth.
The N . autotrophica (cluster 15) strains exhibit a golden-brown mycelium covered by dense white aerial hyphae. The two strains reduce nitrate, split allantoin and urea, degrade adenine, aesculin, hypoxanthine and tyrosine, are sensitive to gentamicin, minocycline, rifampicin, streptomycin, vancomycin and lysozyme and are able to grow on a large number of sole carbon sources.
The M. farcinogenes strains (cluster 10) are acid-fast, produce a mycelium that fragments into rods and cocci and have cream to brown colonies which may carry a sparse covering of aerial hyphae. These strains typically reduce nitrate, split urea, degrade aesculin, hippurate, testosterone and Tween 80, grow at 40 "C, are sensitive to fusidic acid, minocycline and rifampicin, and use glycerol, mannitol and sodium malate as sole carbon sources.
D I S C U S S I O N
Nearly all of the 149 strains from soil and rubber are Gram-positive, partially acid-fast, non-motile, produce a primary mycelium that fragments into pleomorphic elements and, in general, show a pattern of properties consistent with their classification in the N . asteroides complex (Goodfellow, 1971 ; Cross & Goodfellow, 1973 ; Orchard et al., 1977; Goodfellow & Schaal, 1979) . Indeed, 11 of the 16 clusters defined in the SSM/UPGMA analysis contain isolates which show properties typical of N . asteroides strains. It is encouraging that cluster composition was not markedly affected in the runs based on the SJ and pattern coefficients (see .
The numerical data were broadly in line with those from earlier numerical phenetic surveys where no account was taken of test error (Tsukamura, 1969; Goodfellow, 1971; Kurup & Schmitt, 1973; Schaal & Reutersberg, 1978; Tsukamura et al., 1979) . The numerical classification has to be interpreted with care, however, for although the test error ( p ) is within acceptable limits (Sneath & Johnson, 1972) , it is considerably higher than that reported for Rhodococcus ( p 3.7 yo ; Goodfellow & Alderson, 1977) and Actinomadura ( p 4.5 yo; . It seems likely that the high value of p (7.1 yo) is an overestimate of the overall test error as not all of the duplicate cultures grew well on all media thereby making certain tests difficult to read with complete confidence. The classification of N . asteroides N668 and N669 and N . farcinica N360 in cluster 9, the inclusion of M. farcinogenes N696 in cluster 11, and the close association found between N . transvalensis N680 and N. vaccinii N682 can also be attributed to difficulties in interpreting some of the tests.
The recovery of the supposedly identical strains of N. farcinica, NCTC 4524 and ATCC 3318, in clusters 10 ( M . farcinogenes) and 1 I ( N . farcinica), respectively, is consistent with earlier findings. Thus, N . farcinica NCTC 4524 has many properties in common with mycobacteria (LanCelle et al., 1971 ; Ridell & Norlin, 1973; Ridell, 1975; Lechevalier, 1976; Collins et al., 1977) , with the present data supporting its reclassification as M . farcinogenes (Magnusson, 1976) , while strain ATCC 3318 is closely related to N . asteroides (Gordon & Mihm, 1959, 19623; Schaal & Reutersberg, 1978) . Gordon & Mihm (1962b) were unable to distinguish N . farcinica ATCC 3318 from typical strains of N . dsteroides, but Tsukamura (1969) recovered it in his second N . asteroides subcluster, designated N . farcinica Trevisan. Cluster 1 1 corresponds to N . farcinica Trevisan, N . asteroides group I1 (Kurup & Schmitt, 1973) , serological group A (Ridell, 1975) and N . asteroides subgroup B (Schaal & Reutersberg, 1978) , and contains strains which form the nucleus of a distinct DNA homology group (Bradley, 1973 (Bradley, , 1975 Bradley & Mordarski, 1976; Mordarski et al., 1977 Mordarski et al., , 1978 . Nocardia farcinica Trevisan is, therefore, homogeneous on the basis of genetical, serological and numerical phenetic data but a suitable name for this taxon must await the resolution of the confusion surrounding the specific epithet farcinica (Lechevalier, 1976; . Subclusters 1A and 1B contain most of the isolates from rubber and strains from both temperate and tropical soils; these require further study to determine whether they should form one or two species. The first of these subclusters contains the type strain of N . asteruides (N317) and N . asteroides N216, a representative of Schaal & Reutersberg's (1978) N . asteroides cluster 111, subgroup A3, while the two representatives of their corresponding subgroup A1 form the nucleus of cluster 5. The clear separation of N , asteruides cluster 111, subgroups A1 and A3 is in good agreement with DNA :DNA pairing data which also show the cluster to be heterogeneous (Mordarski et a/., 1977) . In contrast, isolates identified as N . carnea form a homogeneous group and generally conform to the pattern of reactions described by Gordon et al. (1978) . These workers also found a close similarity between N . carnea and N . asteroides.
None of the isolates shares a high similarity to the marker cultures of N. amarae, N . brasiliensis, N . otitidis-caviarum, N. transvalensis or N. vaccinii and those in clusters 2, 8 and 13 seem to represent new centres of variation. The single representatives of N . aerucolonigenes, N . autotruphica and N . orientalis share little similarity to one another or to any of the other strains studied. Representatives of these taxa lack mycolic acids, contain large amounts of is0 and anteiso fatty acids and should be compared with Saccharomonospora, Saccharopolyspora and Pseudonocardia strains which have a wall chemotype IV but lack mycolic acids . The present study has gone some way towards clarifying the taxonomy of N. asteroides and related organisms which seem to form the bulk of the nocardial population in soil (Cross et a/., 1976; Orchard et al., 1977) . Additional work is required, however, to determine the taxonomic status of certain of the clusters and subclusters, to find the tests of greatest value for identification and to search for additional discriminatory tests to be used in future systematic analyses. An improved taxonomy will be of particular value in ecological studies but will also help to determine which N . mteroides clusters contain pathogenic strains . The identification of potentially virulent strains would also help to monitor the significance of the increase in the population of N . asteroides that follows the amendment of soil with sewage sludge (Orchard, 1979b) .
One of us (V. A. 0.) gratefully acknowledges receipt of a Natural Environment Research Council studentship (GT4/72/NC/22). We are also grateful to colleagues who kindly donated strains (Table 1) .
